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The Vehicle  Charging And P o t e n t i a l  (VCAP) experiment flown on t h e  
STS-3 mission was designed t o  s tudy  t h e  e lec t r ica l  i n t e r a c t i o n  o f  t h e  
s h u t t l e  o r b i t e r  w i th  t h e  low e a r t h  o r b i t  environment. The i n t e r a c t i o n  of  a 
l a r g e ,  o r b i t i n g  body with t h e  low e a r t h  space environment is not  w e l l  
known. With t h e  i n i t i a t i o n  o f  an ope ra t iona l  era i n  space,  i t  i s  necessary 
t h a t  w e  understand ( 1 )  t h e  pe r tu rba t ions  produced by t h e  o r b i t e r  as i t  
moves through t h e  near e a r t h  environment, ( 2 )  t h e  environment as provided 
t o  ins t rumenta t ion  opera t ing  i n  t h e  payload bay of  t h e  o r b i t e r  and (3 )  t h e  
e f f e c t s  t h a t  t h e  environment e x e r t s  upon t h e  o r b i t e r  i t s e l f .  Future  
missions which depend upon knowledge of t h e  e l e c t r i c a l  i n t e r a c t i o n  of  t h e  
o r b i t e r  with t h e  space environment inc lude  those wi th  h igh  power charged 
p a r t i c l e  beam experiments and o t h e r s  with long antennas ope ra t ing  a t  h igh  
vo l t ages  i n  t h e  VLF frequency range. Also, when ope ra t ions  begin with 
o r b i t  i n c l i n a t i o n s  above about 50 degrees ,  l a r g e  f l u x e s  o f  e n e r g e t i c  
e l e c t r o n s  (and protons)  w i l l  bombard t h e  o r b i t e r  when t h e  v e h i c l e  is a t  
h igh  magnetic l a t i t u d e s .  I n  t h e  p a s t ,  s a t e l l i t e s  have been adverse ly  
a f f e c t e d  by e l e c t r i c a l  d i scharges  induced by e n e r g e t i c  p a r t i c l e  bombardment 
and these  problems present  s imilar  concerns f o r  t h e  d i e l e c t r i c  covered 
o r b i t e r .  The VCAP experiment on STS-3 w a s  designed t o  s tudy  t h e  
i n t e r a c t i o n s  between t h e  o r b i t e r  and t h e  environment which a r e  of 
importance t o  understanding these  problems. 
INSTRUMENTATION 
An e l e c t r o n  gun wi th  fast  pu l se  c a p a b i l i t y  was used i n  t h e  VCAP 
experiment t o  a c t i v e l y  pe r tu rb  t h e  veh ic l e  p o t e n t i a l  i n  o rde r  t o  s tudy  
d i e l e c t r i c  charging,  r e t u r n  cu r ren t  mechanisms and t h e  techniques requi red  
t o  manage t h e  e l e c t r i c a l  charging of  t h e  o r b i t e r .  Return c u r r e n t s  and 
charging of  t h e  d i e l e c t r i c s  were measured during e l e c t r o n  beam emission and 
plasma c h a r a c t e r i s t i c s  i n  t h e  payload bay were determined i n  t h e  absence of  
e l e c t r o n  beam emission. 
The VCAP ins t rumenta t ion  as flown on t h e  OSS-1 p a l l e t  during STS-3 
inc ludes  f i v e  sepa ra t e  p i eces  of hardware: 
1 .  F a s t  Pulse  Elec t ron  Generator (FPEG) - The FPEG (Figure  1 )  
c o n s i s t s  o f  two independent e l e c t r o n  guns which are of  t h e  diode 
conf igu ra t ion  with a d i r e c t l y  heated tungs ten  f i lament  and a 
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tantalum anode. The two guns, designated as FPEG 1 AND FPEG 2 
emit e l e c t r o n s  wi th  an  energy of 1000 eV a t  c u r r e n t s  of  100 mA and 
50 mA, r e spec t ive l ey .  The e l e c t r o n  beams a r e  co l l imated  t o  a beam 
width of about 5 degrees by focus c o i l s  mounted j u s t  beyond t h e  
anodes. Each gun i s  con t ro l l ed  by a 37 b i t  s e r i a l  command word 
which s e l e c t s  t h e  gun t o  be used,  c o n t r o l s  f i l ament  and h igh  
vo l t age  power supp l i e s ,  determines t h e  on t i m e ,  o f f  t i m e  and 
number o f  pu l se s  o f  t he  beam. The times a r e  c o n t r o l l a b l e  i n  32 
logar i thmic  s t e p s  from 600 nanoseconds t o  107 seconds and t h e  
number of pu l se s  is  c o n t r o l l a b l e  i n  powers of two from 1 t o  
32,768. The r ise and f a l l  times f o r  t h e  e l e c t r o n  beam a r e  100 
nanoseconds s o  t h a t  very  s h o r t  pu l se s  (and t h e r e f o r e  small 
increments of charge) can be emit ted.  
Charge Current Probes (CCPl and CCP2) -. Each Charge Current Probe 
(CCP) c o n s i s t s  o f  two ad jacent  s enso r s  --- one m e t a l l i c  and one 
d i e l e c t r i c  --- as shown i n  F igure  2. The c u r r e n t  f lowing t o  t h e  
m e t a l l i c  sensor  i s  used as an  i n d i c a t i o n  of  t he  r e t u r n  c u r r e n t  t o  
exposed metal s u r f a c e s  on t h e  o r b i t e r .  The d i e l e c t r i c  s enso r  
provides  a measurement o f  t h e  charge accumulation on d i e l e c t r i c  
s u r f a c e s  of  t h e  o r b i t e r ,  t h e  m a t e r i a l  used f o r  t h e  charge probe 
d i e l e c t r i c  is  from t h e  same batch of  F l e x i b l e  Reusable Surface  
I n s u l a t i o n  (FRSI) t h a t  was used on t h e  Columbia (OV-102) and 
covers  payload bay doors  and upper wing s u r f a c e s  (F igure  3). 
Both of t h e  CCP senso r s  respond t o  changes i n  t h e  o r b i t e r  
p o t e n t i a l  wi th  r ap id  time response.  Measurement rates were s e t  a t  
60 samples p e r  second b u t  peak hold measurements of c u r r e n t  
and charge were made which allowed sp ikes  longer  than  100 
nanoseconds t o  be captured.  
t h e  
both  
The Charge Probe measures d i r e c t l y  t h e  charging of  a p i ece  of  
FRSI. S ince  t h i s  is  t h e  same material as covers  t h e  payload bay 
doors  and upper wing s u r f a c e s ,  w e  assume t h a t  measurements made on 
t h e  FRSI i n  t h e  payload bay are  i n d i c a t i v e  o f  t h e  behavior  o f  t h i s  
same m a t e r i a l  on t h e  o r b i t e r .  The FRSI material on t h e  Charge 
Probe covers  a n  i s o l a t e d  metal p l a t e  which is  connected t o  t h e  
i n p u t  of a charge a m p l i f i e r  (F igu re  4). When a charge is  induced 
on s u r f a c e  of t h e  d i e l e c t r i c  a similar ( b u t  oppos i te )  amount 
of charge is  induced on t h e  metal p l a t e .  The charge a m p l i f i e r  
conver t s  t h e  charge t o  a vo l t age  which i s  the source  o f  t he  d a t a  
shown f o r  t h e  CCP measurement of v e h i c l e  p o t e n t i a l .  If t h e  
v e h i c l e  p o t e n t i a l  changes and t h e  surrounding plasma provides  a 
c u r r e n t  t o  charge t h e  s u r f a c e  of t h e  d i e l e c t r i c ,  then  t h e  
p o t e n t i a l  measured by t h e  Charge Probe i s  an a c c u r a t e  measurement 
of t h e  v e h i c l e  p o t e n t i a l .  If an  e l e c t r i c  f i e l d  e x i s t s  a t  t h e  
s u r f a c e  of  t h e  FRSI, then  t h e  measured p o t e n t i a l  is  less  than t h e  
a c t u a l  v e h i c l e  p o t e n t i a l .  
t h e  
Two sets of t h e  CCP (designated CCPI and CCP2) were used wi th  
CCPl mounted ad jacent  t o  t h e  FPEG and CCP2 mounted on t h e  oppos i t e  
co rne r  o f  t h e  p a l l e t  as fa r  away from t h e  FPEG as  poss ib le .  These 
probes provide measurements of  v e h i c l e  p o t e n t i a l  changes and 
r e t u r n  c u r r e n t s  induced by ope ra t ion  o f  t h e  FPEG wi th  h igh  t ime 
r e s o l u t i o n  a t  vo l t ages  up t o  1000 v o l t s  and c u r r e n t s  up t o  4 mA. 
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3. Spher ica l  Retarding P o t e n t i a l  Analyzer (SRPA) - The Spher i ca l  
Retarding P o t e n t i a l  Analyzer (F igure  5) measures t h e  d e n s i t y  and 
energy of i ons  and provides  a n  abso lu te  va lue  f o r  t h e  v e h i c l e  
p o t e n t i a l  as w e l l  as a measurement of  t h e  plasma environment i n  
t h e  payload bay. The SRPA has  a 19 c m  diameter  s p h e r i c a l  
c o l l e c t o r  surrounded by a 20 cm diameter  s p h e r i c a l  g r i d .  The 
b i a s ing  vo l t ages  appl ied  t o  these  e l e c t r o d e s  r e s u l t  i n  t h e  
c o l l e c t i o n  of  p o s i t i v e  i o n s  by t h e  c o l l e c t o r .  I n  t h e  frame of  
re ference  o f  t h e  o r b i t e r  t h e  dominant ambient i o n  O+ w i l l  have a 
d r i f t  energy of approximately 5 eV. This  energy is r e l a t e d  t o  t h e  
o r b i t e r  v e l o c i t y ,  which is  w e l l  known, s o  any d e v i a t i o n  of  t h e  O+ 
d r i f t  energy from t h e  expected va lue  g i v e s  a measure o f  t h e  
e l e c t r i c a l  p o t e n t i a l  o f  t h e  o r b i t e r  s t r u c t u r e  r e l a t i v e  t o  t h e  
ionosphere.  A Langmuir probe is  a t tached  t o  t h e  SRPA. This  probe 
i s  a small, s p h e r i c a l  probe which measures t h e  d e n s i t y  and 
temperature of  e l e c t r o n s  and provides  a c r o s s  check on t h e  v e h i c l e  
p o t e n t i a l .  The SRPA/Langmuir probe instrument  is  mounted on a 
corner  of t h e  p a l l e t  as far  from o t h e r  s u r f a c e s  as p o s s i b l e  t o  
g ive  t h e  b e s t  oppor tuni ty  t o  acqui re  d a t a  uncontaminated by wake 
effects.  
4. D i g i t a l  Control  I n t e r f a c e  Unit  ( D C I U )  - The D i g i t a l  Control  
I n t e r f a c e  Unit  provided a l l  s i g n a l ,  command and power i n t e r f a c e s  
between the  VCAP instrument  and t h e  p a l l e t .  Power switching and 
command decoding were done i n  the  D C I U .  Three microprocessors  
(1802 type)  were used i n  t h e  DCIU.  The c o n t r o l  microprocessor 
s to red  sequences of time-tagged serial  commands i n  both ROM and 
RAM. These sequences of commands could be i n i t i a t e d  i n  response 
t o  a s i n g l e  command s e n t  from a source e x t e r n a l  t o  t h e  D C I U  and 
perform a s e r i e s  of ope ra t ions  such as FPEG pu l s ing ,  g a i n  changing 
and r e s e t s .  A second microprocessor was used t o  c o n t r o l  t h e  
o f f s e t  of t he  SRPA sweep vo l t age .  The t h i r d  microprocessor was 
used t o  monitor temperatures ,  vo l t ages  and c u r r e n t s  and t o  s e t  out  
of  limit f l a g s  passed as b i - l e v e l  s i g n a l s  t o  t h e  o r b i t e r  GPC f o r  
d i s p l a y  and alarm s igna l ing .  
Placement of t h e  ins t rumenta t ion  on t h e  OSS-1 p a l l e t  is shown i n  
Figure 6. The SRPA (and Langmuir probe) i s  on one co rne r  o f  t h e  p a l l e t  
( f a r  l e f t  i n  t h e  f i g u r e ) .  The CCP's occupy p o s i t i o n s  on two oppos i t e  
co rne r s  of t h e  p a l l e t ,  one on t h e  lower r i g h t  i n  t h e  f i g u r e  and t h e  o t h e r  
p a r t i a l l y  hidden a t  t h e  t o p  of  t h e  f i g u r e .  The e l e c t r o n  gun (FPEG) i s  
adjacent  t o  t he  CCP a t  t h e  lower r i g h t  and is  shown wi th  a c i r c u l a r  gun 
head. 
MEASUREMENTS 
Pass ive  and a c t i v e  ope ra t ions  were performed during OSS-1. The SRPA 
and CCP's were opera t ing  throughout t h e  mission and d a t a  obtained when t h e  
e l e c t r o n  gun was no t  being operated determine t h e  c h a r a c t e r i s t i c s  of  t h e  
o r b i t e r  and the payload bay environment i n  t h e  absence of  pe r tu rba t ions  
from a c t i v e  experiments. 
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SRPA d a t a  taken i n  pass ive  mode with the  payload bay i n  t h e  ram 
d i r e c t i o n  ( t h e  d i r e c t i o n  of t he  v e l o c i t y  vec to r )  are shown i n  F igures  7 and 
8. 7) t h e  SRPA s i g n a l  is r e l a t i v e l y  h igh  as compared 
t o  t h e  expected ambient measurement and does not  show t h e  peak a t  ene rg ie s  
around 5 v o l t s  where t h e  peak s i g n a l  assoc ia ted  wi th  the  atomic oxygen ion  
should be. The Langmuir probe d a t a  show t h a t  t h e  v e h i c l e  p o t e n t i a l  is  
o f f s e t  by about 0.5 v o l t  from the  ambient plasma a t  t he  l o c a t i o n  of  t h e  
SRPA. A t  n igh t  (Fig.  8) t h e  measurements are much lower and i n  some cases  
t h e  O+ peak of  atomic oxygen i o n s  can be seen. The s h i f t  i n  t he  peak o f  
t h e  O+ i o n s  and t h e  s h i f t  i n  t h e  Langmuir probe sweep i n d i c a t e  t h a t  t h e  
v e h i c l e  p o t e n t i a l  has  been s h i f t e d  by about 1 v o l t .  
I n  t h e  daytime (Fig.  
A s  t h e  o r b i t e r  r o l l s  very  s t r o n g  ram/wake effects  are observed on 
plasma i n  t h e  v i c i n i t y  of t h e  payload bay. Averages of  t h e  SRPA and 
Langmuir probe d a t a  a r e  shown i n  F igure  9 and show t h i s  dramatic  v a r i a t i o n .  
The SRPA i o n  c u r r e n t  is  shown i n  two d i f f e r e n t  channels  c a l l e d  IPL and IPH 
f o r  i o n  probe low and i o n  probe high.  These channels  are two d i f f e r e n t  
range measurements o f  t h e  same s i g n a l .  The Langmuir probe c u r r e n t  i s  shown 
i n  t h e  LP da ta  and r e p r e s e n t s  t h e  d e n s i t y  of  e l ec t rons .  I n  t h e  PTC mode 
t h e  o r b i t e r  r o l l s  about t h e  X a x i s  a t  0.4 degrees  p e r  second. A s  t h e  
payload bay a l t e r n a t e s  between t h e  ram d i r e c t i o n  and t h e  wake of  t h e  
v e h i c l e ,  t h e  i o n  and e l e c t r o n  c u r r e n t s  a l t e r n a t e  between h igh  and low 
values .  In  t h e  daytime t h e  SRPA IPL channel s a t u r a t e s .  When t h e  o r b i t e r  
i s  i n  shadow t h e  most s e n s i t i v e  channel of  t h e  SRPA (IPH) shows no 
measurable s i g n a l .  The measurements from t h e  Langmuir probe a r e  less 
s e n s i t i v e  but  show similar behavior.  
Measurements o f  t h e  v e h i c l e  p o t e n t i a l  o f f s e t  ind ica te  t h a t  t h e  main 
engine nozz les  provide a r e fe rence  p o t e n t i a l  t o  t h e  ionospher ic  plasma 
surrounding t h e  vehic le .  Because t h e  o r b i t e r  is  97% covered with 
d i e l e c t r i c  materials, t h e  main engine nozz les  provide t h e  primary con tac t  
between t h e  o r b i t e r  m e t a l l i c  s t r u c t u r e  and t h e  plasma. The v e l o c i t y  o f  t h e  
v e h i c l e  r e l a t i v e  t o  t h e  surrounding plasma induces a p o t e n t i a l  d i f f e r e n c e  
between any l o c a t i o n  on t h e  o r b i t e r  and t h e  main engine nozzles .  The 
Langmuir probe measures t h i s  p o t e n t i a l  d i f f e rence  which i s  shown i n  Figure 
1 0 A  f o r  one o r b i t .  The computed p o t e n t i a l  is shown i n  F igure  1 0 B  assuming 
t h a t  t h e  main engine nozz les  provide t h e  r e fe rence  po in t  f o r  t h e  p o t e n t i a l .  
The v a r i a t i o n  i n  t h e  p o t e n t i a l  is  caused p r imar i ly  by t h e  changing re la t ive  
a t t i t u d e  of  t h e  o r b i t e r  wi th  r e spec t  t o  t h e  v e l o c i t y  v e c t o r  and t h e  
d i r e c t i o n  of  t h e  geomagnetic f i e l d .  Because t h e  o r b i t e r  is  so  l a r g e  and 
t h e  nozz les  form t h e  vo l t age  r e fe rence  po in t ,  t h i s  v a r i a b l e  vo l t age  o f f s e t  
(which amounts t o  about 200 mV p e r  meter of d i s t a n c e  between the  nozz les  
and measurement p o i n t )  must always be taken i n t o  cons ide ra t ion  i n  t h e  
ope ra t ion  o f  any plasma d iagnos t i c  instrument  which i s  s e n s i t i v e  t o  e r r o r s  
on t h e  o r d e r  of  a f e w  v o l t s .  
t h e  
Active experiments were performed by emi t t i ng  a ser ies  of  e l e c t r o n  
beam pulses .  Data taken dur ing  one such sequence, designed t o  s tudy  
v e h i c l e  charging and r e t u r n  c u r r e n t  mechanisms and l abe led  Charge Current  
(CC), i s  shown i n  F igure  11.  Each pu l se  group c o n s i s t s  o f  16 pu l ses  of  
i nc reas ing  width. The sequence begins  wi th  one microsecond pu l ses  (which 
show no measurable pe r tu rba t ion . )  When t h e  p u l s e  widths  are increased  t o  
more than  a mi l l i second i n  du ra t ion  s i g n i f i c a n t  charging o f  t he  o r b i t e r  
occurs  wi th  induced p o t e n t i a l s  of t e n s  o f  v o l t s .  The p o t e n t i a l s  measured 
c l o s e  t o  t h e  FPEG are h ighe r  than  those  on t h e  f a r  s i d e  o f  t h e  and p a l l e t  
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may i n d i c a t e  t h a t  a shea th  developed around t h e  vehic le .  The c u r r e n t s  a t  
t h e  two l o c a t i o n s  (CCPI and CCP2) are a l s o  d i f f e r e n t  wi th  t h e  l a r g e r  
cu r ren t  n e a r  t h e  e l e c t r o n  gun as might be expected s i n c e  t h e  beam produces 
l o c a l l y  enhanced i o n i z a t i o n  l eve l s .  
A h i g h e r  time r e s o l u t i o n  p l o t  o f  a po r t ion  o f  t h e  same CC sequence i s  
shown i n  F igure  12. The c u r r e n t s  measured recover  t o  t h e i r  normal 
non-emission l e v e l s  i n  t h e  s h o r t  t i m e  between pu l ses ,  b u t  t h e  charge on t h e  
d i e l e c t r i c  i s  re t a ined  and decays much more slowly. Time cons t an t s  f o r  t h e  
v e h i c l e  p o t e n t i a l  ( o r  d i e l e c t r i c  charging)  t o  r e t u r n  t o  non-emission l e v e l s  
vary  from less than  one second up  t o  minutes. An example o f  t h e  slow decay 
of  t h e  d i e l e c t r i c  charge can be seen a t  0423:45 GMT i n  t h e  Charge 2 da ta .  
C ONC LUS IONS 
The VCAP experiment on STS-3 h a s  shown t h a t  a c t i v e ,  con t ro l l ed  
experiments can be s u c c e s s f u l l y  performed from t h e  payload bay of  t h e  
o r b i t e r .  E lec t ron  beams have been used t o  perform a ser ies  of  experiments 
t o  s tudy  t h e  e l e c t r i c a l  i n t e r a c t i o n  of  t he  o r b i t e r  wi th  t h e  surrounding 
environment and t h e  environment provided t o  t h e  payload. The e m i  l e v e l s  
during t h e  mission were t h e  lowest  experienced dur ing  t h e  p r o j e c t  and were 
unmeasurably low on o r b i t .  The t h r u s t e r s  produced d i s tu rbances  which were 
v a r i a b l e  i n  c h a r a c t e r  and magnitude. Strong ram/wake effects  were seen i n  
t h e  ion  d e n s i t i e s  i n  t h e  payload bay. Vehicle p o t e n t i a l s  are v a r i a b l e  with 
r e s p e c t  t h e  plasma and depend upon l o c a t i o n  on t h e  veh ic l e  r e l a t i v e  t o  
t h e  main engine nozz les ,  t h e  v e h i c l e  a t t i t u d e  and t h e  d i r e c t i o n  of t h e  
geomagnetic f i e l d .  
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Photograph  of the f a s t  pulse electron generator. The two ports 
t h r o u g h  which the electron beams are emitted can be seen a t  the 
l e f t  of the u n i t .  The mated connector a t  the right of the u n i t  i s  
an arming p l u g  which i s  removed during integration t o  avoid 
accidental heating of the filaments. 
Figure 1. 
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Figure 2. Pho tograph  of one of the charge and current probes. The l i g h t  colored 
surface t o  the l e f t  i s  the FRSI charge collecting surface, while the 
darker surface t o  the r i g h t  is a gold-plated current col lector .  
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REINFORCED CARBON-CARBON IRCCl 
HIGH-TEMPERATURE REUSABLE SURFACE 
INSULATION IHRSII 
LOW.TEMPERATURE REUSABLE SURFACE 
INSULATION ILRSl) - FLEXIBLE REUSABLE SURFACE 
INSULATION IF RSI 1 
METAL OR GLASS 
Insulation Temperature limits Area, Weight, 
m2 ( i tz)  kg Ob) 
Flexible reusable 
surface insulation 
Low-temperature reusable 
surface insulation 
High-temperature reusable 
surface insulation 
Reinforced carbon-carbon 
Miscellaneous 
Below 644 K 31 9 (3 436) 499 (1 099) 
(371" C or 700" F) 
644 to 922 K 
(371 e to 649" C or 
700" to 1200" F) 
922 to 978 K 477 (5 134) 3826 (8 434) 
(649" to 704" C or 
1200" to 1300" F) 
Above 1533 K 38 (409) 1371 (3023) 
(I 260" C or 2300" F) 
268 (2 881 ) 91 7 (2 022) 
632 (1 594) 
1102 (1  1 8601 7245 (15 972) Total 
Figure  3. Thermal P r o t e c t i o n  System (TPS) on t h e  o r b i t e r  which is  about 97% 
covered wi th  d i e l e c t r i c  materials. 
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Figure 4. Charge Probe senso r  p la te  cons t ruc t ion  and t h e  inpu t  charge ampl i f i e r .  
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Figure 5 .  Photograph o f  the spherical retarding potential  analyzer and Langmi 
probe assembly. The rectangular box t o  the r i g h t  houses preamplifie 
f o r  the*probe s igna ls  and i s  coated w i t h  a conducting paint  t o  meei 
bo th  thermal control and e l ec t r i ca l  requirements. 
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Figure 6.  Location of t h e  VCAP ins t rumenta t ion  on t h e  OSS-1 p a l l e t .  The lower 
l e f t  i n  t h e  f i g u r e  was t h e  forward s i d e  i n  the  payload bay. 
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Figure 7. Ion probe current  (SRPA) and electron probe current  (Langmuir probe) 
when the payload bay is i n  the  ram di rec t ion  i n  sunlight.  
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Figure  8. Ion  probe c u r r e n t  (SRPA) and e l e c t r o n  probe cu r ren t  (Langmuir probe) 
when t h e  payload bay i s  i n  t h e  ram d i r e c t i o n  and shadowed. 
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Figure  9. Langmuir probe c u r r e n t  (LP) , i o n  probe h igh  range (IPH) and 
low range (IPL) c u r r e n t  averaged over  34 seconds. 
from n e a r  zero  t o  maximum scale occur as t h e  v e h i c l e  r o l l s  wi th  
r e spec t  t o  t h e  v e l o c i t y  v e c t o r  and t h e  payload bay a l t e r n a t e l y  
faces t h e  ram and wake d i r e c t i o n s .  
The v a r i a t i o n s  
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Figure 10. Vehicle p o t e n t i a l  a t  t he  l o c a t i o n  o f  t h e  SRPA. The measured va lues  
are  shown i n  Fig. 1 0 A  as determined by t h e  o f f s e t  p o t e n t i a l  of t h e  
Langmuir probe. The computed va lue  of t h e  p o t e n t i a l  i s  g iven  i n  
Fig. 1 0 B  assuming t h a t  t h e  reference po in t  is the  main engine nozzles,  
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Figure  11 .  Charge and c u r r e n t  probe measurements of  d i e l e c t r i c  charging and 
r e t u r n  c u r r e n t s  during a series of  e l e c t r o n  gun pu l ses  emit ted 
dur ing  t h e  Charge Current  (CC) sequence. CCPl (Charge 1 and 
Current  1 )  d a t a  were measured ad jacen t  t o  t h e  FPEG and CCP2 
(Charge 2 and Current 2) d a t a  were taken on t h e  far corner  
o f  t h e  p a l l e t .  
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Figure 12. High time r e so lu t ion  f o r  one minute o f  da ta  shown i n  Fig. 1 1 .  
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